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and preesure ratios wem obtained  togsther wlth individual component 
effioiencies snd total-pressuret profiles a t  the impeller disoharge. 
!Phese oharacteristios are campared with the oorreeponding charaoter- 
f s t fcs  of the standard supercharger. 

A standard impeller asembly n e  used f o r  the invesfigatian of 
the effect aP removing the boundary layer frm the impeller front 

vaned diffueer was replaaed by a canstant-area van8lese diffneer of 
the same diameter. The diff'uaer ie described in r e fe rem 1. A 
oiroulerr inlet t o  the impeller rephoed the. etandard e l l i p t ioa l  
inlet. A pHora ted  braas s t r ip ,  0.015 innh thfok, with BP open 
area of 30 percent and 952 perforatians per square  inch formed tlve 
part of the 6hmud through whtch the air was removed by ewtion 
(fig. 1). This eieve extended f r a n  a point appr0K"mRtely 0.50 inch 
lnside the statimary shroud of ths rotating inlet gUit3.a vanes t o  
a point O,SO.-inoh before.  the impeller dfgcharge and followed 88 
olosely as possible the contour of the impeller blades. The eleve 
wae held in  psitian by aolderlng it t o  tvo s tee l  rluge, one at 
the inner diameter and one a t  the outer dismeter, -oh in turn 
were bolted to the fmnt diffueer oomr plate. The entire aaeembly 
wae polished t o  a mwth flnfeh and the oantour of the impeller 
Front shroud wae eimilar t o  that of the psrt before modific-atfon. 
The oleerance betmen the ImpelLer and the impeller front shroud 
wae inoreased from the etandard 0.030 inch to 0.060 inch. 

shroud and, fa 8trUCfLWd =86OpB, t b  8tandard U$-Fnoh-diameter 

The manifold used in conjunction wlth external bleedfng had 
two 2-lnoh-diameter outlets l8Oo apart. Both of theee outlets led 
into a S-inch-diameter p i p ,  wblch wae collnsoted to the laboratorg 
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low-pmseure exhaust system; the wight flow bled wae limited by the  
minimum available exhauat pressure of 4 l ~ h e e  of meroury abaolute. 
Une p a l m  enoountered in the external-bleeding apparatue was that 
of equalizing the  pressure dls t r ibu t im m r  tho entire eleve. Ths 
preeeure tended t o .  be reduoed over the areas near the two exhaust 
outlete. An e l l i p t i ca l  gaaket wag inoerted, whioh oloeed off met 
of the passage near the exhauet outlets and gradually opnod t h e  
passage t o  full deeign width at the greatest dfdance  from them. 
( B o  fig. l (a) . )  Altho- t h e  pesure  distribution m e  equslizod 
t o  a large extent, the gaakot probably reduced the maximum flow bled 
through the shroud. . .  . 

Impeller . 
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With boundary-lapr removal by e x t e r n 1  low-preseure exhaust, 
the superoharger w a ~  run et canatant values of weight flow at the 
3nlet orifice f o r  a raqe of weight floKe'6f the air bled from zero 
t o  m s x h n m .  llhs miat  f low8 of the   afr  blad are expressed a8 per- 
centages of the Inlet weight flow. !Em maximum we1 ht of air bled 
-8 13.7 percent of the inlet we.ight flow (0.255 l.b7eec) at an 
aottml tip epeed of 1000 feet p r  m o d .  As the t i p  w e d  lncreaeed, 
the amount of' air that oould be bled beoams a Ermaller parcentage of 
the t o t a l  flow until at sp actual t i p  eped of 1200 feet por seoond, 
9.6 percent of the inlet..might flow (0.250 lb/seo) m e  the maximum 
obtainable. This reduction In prcentsge of wight flow bled wae 
due t o  the rapid increase in inlet  might flow with t i p  speed ae 
o-ed wfth relatively wnstcaut peak uelgbt flowa bled, which were 
limited by the oapaclty of the bleedlryl eyetern. 

Runa were made at five inlet equivalent v o l q  flows at an 
actual t i p  apeed of 1000 feet per eeoond and at nins Inlet equlv- 
d e n t  volume flm at I200 feet per eecond. Runs were also m a d e  at 
aatua l   t ip  sped8 of 800 aad l3Op feet per. seoond but because the 
trends were repeated at actual t i p  speeds of 1000 and 1200 feet p r  
s e d ,  m c h  bracket the deeign oper8th.g a p e d ,  only the perform- 
w e  at 1000 and 1200 feet  per eecoud. fa presented. 

When the boundarykyer coatml was effected by reclroulatlcm 
t o  the inlet  pipe, lld provleicm was m a d a  f o r  metering the amount of 
air reoirculated. Conaequsntly, the r u m  warn m a d s  at   aotual t i p  
8peede of 800, 1000, 1290, snd 1300 feet per eecond in the mannsr 
reommended in reference 7. Beoauae the trends a t  800 and 1300 feet 
per 8econd.were zypeated at 1000 and 1200 feet per second, only the 
perfomenoe at 1000 and 1200 feet per second l e  preeented. 

The flow characterletlce on the imyllar front shroud an8 t h e  
front and rear diffueer wslle for both external and mcircuhtory 
bleeding syatwaa were visually etudied by meane of lampb'laok pat- 
terne at one flow condition. The flow cordition seleoted for this 

. 
. 
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ap~lioable.  The afficienciee t o  the iPlpeller.and the diffueer exits 
are baseU on an arithmetic average of the total-preseue readlnge. 
Tke tots1 temperature wzts assumed t o  be oonetant from the implh3r 
exi t   to  the outlet meaeurlng etation bemuse, the sugeroh8rgor 
was -11 ineulated. 

when the  bo*-bpr 8* PraE -0-d by meall0 O f  8Il8-r- 
nal lov-pressure erbauet, appreoiable percenta(iee of the  air 
delivered t o  the impeller inlet  were completely removod before tho 
impeller sxZt . CcslventioDlal repesentatione of the  flov based on 
Inlet M t i a n e  must therefore be conaidered inadequate becauee 
they f a i l  t o  acmuat for t h e  d.i8 removed' and t h e  eubeequent rOdUCed 
flow q m t . t t i e e  'tbrou& most of the euprobarger. Tho performanoe 
of the eupercharger i~ therefore mpssnted for th i s  eor loo of 
oqerimente by an equivalent volume flow baaed on the  quantity of 
air actually delivored by the llor and ayailablo t o  the engine. 
The function selected i e  Qz/z which is diecweod In refor- 
en- 9.  The f aotor 82 me oalcuhtod from tho imfght aF air 
delivered by the  fmpeller and tho total   dnnsi ty   a t  t h e  moasurlng 
atation in the  outlot p i p ;  T2 i e  the t o t a l  t m p r a t u r e  at the 
same etation. The weight flow delivered by the impeller m e  
obtainsd by subtraotiw  the wetgbt of air b u d  through the impeller 
front shroud froap the t o t a l  welght flar a t  the impller Inlot. 

1 

Modified Front Shroud 

Ths over-all and caponent p13'0nnance' oharacterietlce of the 
euperchazger w i t h  t h e  modified f ront  ahroud with both extern1 AnJ. 
reciroulatory method8 of bleedlng is shown in fi- 4. The rereulte 
with the external-bleeding eyetern indioated that the effectiveness 
of the unit generally Inoreased elQ3htly ae the  amount of aQ? 
removed through the impeller fro-rlt shroud increased. The peak over- 
all adiabatic  efficiency  at an aoturrl t i p  speed of 1000 foet por 
second XTIB 0.62 wlth 12 percent ( m a x i m m )  of tho i n l e t  weight flow 
removed by bleeding. At the erime speed, the peak effioloncy without 
bleeding  vas 0.59. A t  an aotual tip epeed of 1200 feet per second, 
tine peak efficiency wae 0.595 wfth 4 percent of the air ble& and 
0.58 wlthout bleediw. Peak p a s u r e  ratios r m d  from 1.75 Kith 
14 percent (maximum) of the  -let weight flow bled t o  1.73 without 
bleeding at an ac tua l   t ip  speed of 1000 feet per second, and from 
2.15 wtth 10 percent (maximum) bled t o  2.1.2 without bleeblng a t  
1200 feet per eeoand. 

. 

. . .  
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Cm~parSble performance data from refemncm 1 for the original 
vaoslese dlffueer with an unmdlfled fmnt shroud at an aotual   t ip  
speed of 1200 feet per second (not shown in fu. 4) indicate that 
ths greateat variatian.in oharacteristice between the mod3fied and 
unmodified unite is in the efficiency at the  impeller e a t  . 
Boundary-layer <xratrol by auction on the impeller front ehroud 
reaulted in BP lncreaee Fzl the efficlenoy st the Impeller ex i t  of 
0.02 t o  0.06 aad a comaponding increase in the over-all perform- 
ance of about 0 -03 In the range w b r a  the over-all adiabatic eff i- 
olenoles are above 0.55. (See f ig .  4(c).) 

In order to detemjns the effect  of the energy loet  in the 
externally bled boundary-mr air, several over-all adlabatlo 
efficiencies at an actual tip p e d  of' 1200 feet per second. were 
recalculated, The energy Imparted t o  ths air removed by bleeding 
xs8 added t o  the work perfarmed by the eupemharger, W perfom- 
ance value8 were maf'f'ected by this oalcul8tia beyond t'? margin 
of experizcental error for tha -e of air bled in tbeae runs; the 
suprcbarger work b e t  in the air bled. haa therefore been neglected. 
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wh5,oB oould sooount f o r  etwp gradiente of the pressure in %hie 
region. Tbe IncreaeeU olearanoe m e  establiehed t o  prevent po8eibh 
oontact between the impeller and the fragile pe~d'orated neotion of 
the shroud. The effect  of the perforated ehroud elllrPaoe and the 
large frats1 clearanoe le e m  by tba gmatly roduued preesure a t  
the front wall (negative preeeura gradient) in the b e t a  w i t h  the 
m o d i f  .Led front ehroud without  boundary-layer remom1 a8 ompavd 
with the pressum obtained with the front ahmud before m o d i f i c a t b n .  

The prsaence of baolrflaw was eetablierhed by a hmpblaok pattern 
made at an equivalent volume flow ,oorresyonding to the point af peek 
e f f  ioiency at 1200 f e e t  per seoond with the mRrlmum available bleed- 
ing. !l!he pattern  indicated backPlaw over t h o  ontlre front ehrou& 
Burfeae end over all but the outr4td.e e- af tho flwnt diffueor-wall 
surfsue. Separation of the aAr etrem frw t he  msr diffufmr wall 
In t h e  dlrectiaa of impller rotrrtion m a  indioatod t o  a rsdiue of 
a p x l m a t e l y  ono-half inoh from the dlffueer.dieoharge, whom the 
boundary flow reversed from an inward ep i ra l   to  an outward spiral. 
Impblack traces eimilar in deta i l  t o  thooe obtained w l t h  the 
extornal bleeding were obtained f o r  tho  reolrculating eystem. Evl- 
den- af aeparatian and baculow wan obeomd on the dlffmr front 
and rear wall8, ae well as on the impeller f'ront ehroud, 

The over-all perfomanoe af the two impoller modifioaticms i e  
ocmpxmd in figure 7 with the  over-all performenue of tha etendard 
unit obtained frau referenoe 6.  At el l  t i p  speeds and throughout 
the air-flow -e, the performance of the unit with the modiflea 
impeller8 waa below that with the etandariL impeller. The dmroaee 
in effiolency wae on the order of 0.01 to 0.03 and the operatine 
ran@ of the unlt wae reduced a~poxima.t;ely 10 percent In tha lower 
8peed rmge. The pressure ratioe obtsiraod with tha modified impel- 
lers wem as much a8 6 percent lase than those  obtained with the 
etandard unit, the greatest  reductton ooourring with modification B 
a t  the higheat t i p  speed. The pressure - r a t io  decreereoe probahly 
became the air 'paeeing through the blade s lo ts  l e  allowod to die- 
aharge with a tangential-velocity ocmrponent caneiderably lee8 then 
ths Impeller tip aped,  

The a d h b a t l o  .efficiencies  to t3e impller and diffuser exits 
are shown for both modif ioatione and the etandard Impeller In 
fi@m 8 .  Them effloiencioe were o m l a t e n t l y  leee for both mod- 
if ioatlcum than f o r  the standard oombinaticm. Tbe difference 
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between the  efficiencies t o  tbe impeller discharge a&‘ th9 rn-fied 
and the standard impellers decr888ed pmgreseively as the tip speed 
was increased. This deoreaae In component-efficienoy diFference 
m a  ala0 evident in the efficienoles at the dlffueer e a t  and in 
the outlet  p l p  although the effect of the  modified impellers was 
substantially tempred by the makbg acti? af the vaned diffuser 
and the Wge collsctor 0888, . .  

Total-pressure profiles a m s ~  the diffuser. channel at the 
impeller diecharge are indicative of the impeller prfomusm 
because they repFe6ent the useful energy in the sir sugpliea tm 
ths dif’f’user by the impeller. Bemause this anergy is in the form 
of velooitg, flat symmetrical >.ofilea over a wide range af t i p  
speds m an Indioation of low m a  losses in the difAzeer. 
The impeller-exit tota l -pssure  pof’ilee obts-d in teste of the 
et- impeller are o m w d  in figum 9 wlth thoee of the mod- 
If l e d  impellers. Thew data were obtained at ‘ a n  actual tip speed 
of 1ooo feet per seoarrd, whloh is close to ths des- opersting 
tip speed of 1040 feet per eecand. Ehe aspmetrical pmfilee show 
very elight changes in the general pattern, ai& lndioates that 
the slotted blades had little effect M the large varZatian ip . 

total pressufe a m e s  the ohannel. The higher peeure  ratios of 
modificaticn A a8 o-d vfth modiflcstlon B are ref leotsd in 
the cagnponent efflcienoies (fig. 8(b)). A d i r e o t  comyarisors 
between the indlvldual profile o m s  at any efmilar flow cadi- 
tian is  Impossible b e c a w  the equivalent volume flows at vhfch 
the curves were obtained  varied slightly for each run. 

Four methods Oce boundary-layer control were Fnvestfgated on a 
V-1710-93 engine-stage supercharger. The boundarplayer air YBB 
moved through the m l l e r  fmnt ehroua by erternal suoticm and 
by recimulatlon to the Inlet duct. The impeller blade8 -re 
slotted at 30 percent and at 30 and 70 percent of the aestrmed man- 
flow-path le-h. The frauti-ehroud modifloations were inveetigated 
with a 14z-incrh-diameter vanelese diffuser; the impeller 2 



modifloaticme uere inveettgated wlth a standard vamd diff’uaer of 
tbe 6eme diameter. Rune wlth t b e e  four modiflcatiom In a variable- 
c a p n t  auperohargor rig gave the f o ~ l w 3 -  reeults: 

1, Bounbry-layer control by removing air through  the impeller 
front ehroud eli&htly Improved the eupercheraer p B r f o m e r  In 
&enersl, when other cmdit1on.a were held oonetant, the adlabatlo 
effiolency and the preeeure ratio elightly lnqroved ae the pemrent- 
age of‘ might flow bled m a  Increased even thou@ the exceeslve 
impeller frontal clearehnoe maintained t o r  tble inveetigatlon, 
together xith an sxeggerated nsgative p e e u r e  gradient, apparently 
induced flm eeparatlan on the diffuser f’ront and mar walle a8 
well a6 on the impeller f’ront ehroud. 



HACA Rbf No. Ea19 L3 

Robert C, Kohl, 
mchanical Engineer. 

Approved: 
Robert 0. Bullock, 

Mschanical Engfiaeer . 



14 PlACA RM No. E6L19 

8. NACA Subcamittee an Buperoharsr Compa-eeaore: Standard Metbod 
of Graphical Preeentatlcm of Centrifugal Campresear Performance. 
NACA AKR No. E5FI38, 1945. 

9 .  Bullook, Robert O., Ksetoh, Robert C., and Muees, Jseon J.: A 
Mstbod of Matohing the Performance of Compreesor Syetems with 
That of Alraraf't Power Seoticme. NACA ARR No. E6Dl7, 1946. 



WACA RY No. E 6 L 1 9  Ffg. l a  

.. . . .. .. . .... . .I ." . .. .. . :*. .. . .... 

f r o n t   s h r o u d  

wtat I c - p r a s s u   r o  
I 

0 

c&i E x t e r n a l .  
COMMITTEE FOR AtROllWTICS 

WAT I WAL ADY t WRY 

F i g u r e  1 .  - Bieedlng a p p a r a t u s  used I n  tests o f  v-1710-93 
e n g i n e - s t a g e   s u p e r c h a r g e r   - w f t h   b o u n d a r y - l a y e r   c o n t r o l  b y  
suction on I m p e l l e r   f r o n t  shroud.  



N A C A  RM NO. E 6 L 1 9  F i g .  I b  

e 

Main a i r  f l o w  

ocl rculatod a f r  flow 

S t a t   t c - p r e s s u r  

_ .  . .  

' I  ' rc I ry COlJYITTEE FOR A E R W T I C S  
NATIONAL ADVISORY 

F i g u r e  1 .  - C o n c l u d e d .  B l e e d l n g  a p p a r a t u s   u s e d   i n ' t e s t s  o f  
V-1710-93 e n g i n e - s t a g e  s u p e r c h a r g e r  w i t h  b o u n d a r y - l a y e r  
c o n t r o l  by s u c t i o n   o n  i m p e l l e r  f r o n t  s h r o u d .  

' 8  

c 



N A C A  R Y  Y O .  E6L19 . F t g s .  2,3 

: :e: 0 .. . .. .... . .. . .. .. 
0 .  . .. . . ... 0 .  

. 
F f g u r e  3. - ' S f & n d a r d  i m p e l l e r  o f  v -1710-93  c n g i n e - s t a g e  

S u p e r c h a r g e r  w i t h  s l o t s  c u t  at d o w n s t r e a m  edge of r o t a t i n g  
i n l e t  g u i d e  v a n e s  1 3 0  percent o f  mean-flon-patn l e n g t h 1  
a n d  t h r o u g h  .impetter b l a d e s  170 p e r c e n t  of m e a n - f f o w - p a t h  
l e n g t h )  (modification 81 .  

i 



N A C A  RM No. E 6 L 1 9  F i g .  4a I 

COWMITTEL FOR AEROWAUTICS 
NAT I O M t  ADV I S M Y  

Actual t i p  speed 
1000 W S ~ C  



c 

.. . .. . .. . .. .. .... .. 

COMNlftEE FOR AEROPYlUrlCS 
HAT I O M L  ADDY ISORY 

C. 

k t u a l  t l p  speed 
loo0 ft/sec 



Fig. 5 

0 . .  
I .  . . .. . .. . .. . .. .... .. 
. .  . .. . .... .. 

. 

i 
01 Su pq rcha rge r ope r a t  i ng 
u cond i t i on 
*. -30 
Q Near  max1mum.inlet w e i g h t  f low 
t6 Near peak efficiency 
p .20 

- 
n 

I t P I  Actual t i p  apeed, I000 feet per second. 
I 

I 
L 
al 
T 

b 
0 .  

" 

0 2 4 6 8 10 12 I 4  

M f ~ h t  of  air bled, percent 
Inlet welght flow 

I bJ Actual t f p  speed, 1 2 0 0  fee t  per second. 
\ 

Figure 5. - Effect  o f  boundary-layer removal f o r  
several operat Ing conditions on over-a1 1 adiabatic 
e f f l c f e n c y  of  stendard V-1710-93 englne-stage Im- 
pel ler w i t h  vancleos d l f f u s e r  wi th  internal   instru-  
mentation. t I n l e t  we ight  flow held  con8tant. 1 
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d i f f u s e r  w i t h  and without boundary-layer Control. 
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Figure 7 .  - Concluded. Over-el I performance characteristics af  standard 
and modlfled V-1710-93 engine-stage impellers w i t h  standard &vaned 
d f f fuser  w i t h  Internaf Instrumentation. 
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Figure 9. - total-pressure prof l  18s a t  impel I e r  discharge 
for standard and modif ied V - 1 7 1 0 - 9 3  engine-stage i m p e i l e n  
a t  actual t i p  s p e e d  of 1000 f e e t  per  second. 
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